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1. INTRODUCTION {#cam42683-sec-0001}
===============

Primary pulmonary non‐Hodgkin lymphomas are extremely rare, comprising only 0.5%--1.0% of all lung malignancies[1](#cam42683-bib-0001){ref-type="ref"} and only 0.4% of all lymphomas.[2](#cam42683-bib-0002){ref-type="ref"} Mucosa‐associated lymphoid tissue‐derived (MALT) lymphoma is the most common type of primary pulmonary lymphoma.[3](#cam42683-bib-0003){ref-type="ref"}

No specific imaging manifestations can be found on computed tomography (CT) images for pulmonary MALT lymphomas and single or multiple areas of consolidation, masses, nodules, and/or other rarer findings may appear on CT images.[4](#cam42683-bib-0004){ref-type="ref"} The entity may thus be easily misdiagnosed because of its nonspecific clinical symptoms and imaging examination results.

Infection has been suggested as possible cause of MALT lymphoma. The association between gastric MALT lymphoma and *Helicobacter pylori* is a well‐known example.[5](#cam42683-bib-0005){ref-type="ref"} The association between *B burgdorferi* and cutaneous MALT lymphoma, hepatitis C virus, and hepatic MALT lymphoma, and *C psittaci* and ocular adnexal MALT lymphoma are other suspected links between infection and MALT lymphoma.[6](#cam42683-bib-0006){ref-type="ref"}, [7](#cam42683-bib-0007){ref-type="ref"}, [8](#cam42683-bib-0008){ref-type="ref"}, [9](#cam42683-bib-0009){ref-type="ref"} Whereas the association between pulmonary MALT lymphoma and chronic pulmonary infection is still suspected but not yet demonstrated. A previous study suggested that the incidence of individual Chlamydiae was generally higher in pulmonary MALT lymphoma than nonlymphoproliferative disorders, but it did not reach statistical significance.[10](#cam42683-bib-0010){ref-type="ref"} Recently, a European research group examined pulmonary MALT lymphoma cases and reported that DNA from *Achromobacter xylosoxidans* was found in 57 out of 124 pulmonary MALT lymphomas versus only 15 of 82 controls.[11](#cam42683-bib-0011){ref-type="ref"} However, *A xylosoxidans* DNA was detected in 1/52 cases of pulmonary MALT lymphoma in the study of a Japanese case series.[12](#cam42683-bib-0012){ref-type="ref"} Therefore, the causative antigen associated with pulmonary MALT lymphoma has not yet been identified. Nonspecific pulmonary symptoms such as cough, and fever were commonly presented in pulmonary MALT lymphoma patients. These symptoms were often associated with pulmonary inflammation, which significantly increased the difficulty of differential diagnosis of pulmonary MALT lymphoma from pulmonary inflammation. Primary pulmonary MALT lymphoma is associated with good survival, with a 5‐year survival rate over 85%.[13](#cam42683-bib-0013){ref-type="ref"} Treatment options include surgery, radiotherapy, chemotherapy, and observation. Although there are several reports about the treatment of pulmonary MALT lymphoma, the low incidence, slow progression, and good prognoses of various treatment options of pulmonary MALT lymphoma mean no standard therapeutic strategies or guidelines for this disease.

This study retrospectively investigated the characteristics and treatments associated with prognoses in a series of primary pulmonary MALT lymphoma to determine the optimal diagnostic procedures and treatments.

2. PATIENTS AND METHODS {#cam42683-sec-0002}
=======================

The study protocol was approved by the Ethics Committee of Zhongshan Hospital, Fudan University, Shanghai, China. Written informed consent was obtained from all patients for use of surgical samples and clinical information for medical research.

All patients diagnosed with pulmonary MALT lymphoma at Zhongshan Hospital, Fudan University, from January 2006 to December 2018 were retrospectively evaluated. Eligible patients were pathologically diagnosed with pulmonary MALT lymphoma and had complete medical information, including clinical characteristics and prognoses. Diagnosis was obtained by surgical resection, surgical biopsy, transbronchial lung biopsy, or CT‐guided transthoracic lung biopsy. The diagnosis of MALT lymphoma was according to World Health Organization criteria.[14](#cam42683-bib-0014){ref-type="ref"} Morphologically, the tumor cells have small to medium‐sized lymphocytes, slightly irregular nuclei with inconspicuous nucleoli, resembling those of centrocytes, and relatively abundant, pale cytoplasm. Immunohistochemical staining was positive for CD20 and CD79a expression. In cases in which it proved difficult to exclude other low‐grade B‐cell lymphomas, immunohistochemical studies for CD5, CD10, CD23, cyclin D1, and Ki‐67 were conducted. The detection of MALT‐1 gene rearrangements using fluorescence in situ hybridization (FISH) techniques was also used in the pathological diagnosis. Because MALT lymphoma is commonly accompanied by reactive hyperplasia, gene rearrangement studies for the IgH gene were conducted via PCR analysis, in an attempt to exclude any benign hyperplasia. Meanwhile, the primary site of MALT lymphoma was in the lungs, either with single or multifocal lesions (including cases with bilateral presentation), with or without lymph node involvement. Examples of representative pathologic images of tissue from patients in this study are shown in Figure [1](#cam42683-fig-0001){ref-type="fig"}.

![Morphology and immunophenotyping images of tissue from the patients with pulmonary MalT lymphoma. A, Abnormal lymphocyte infiltration, HE staining, original magnification × 100; B‐E, Immunohistochemical staining for CD20 (B); CD79a (C); CK7 (D); and Ki‐67 (E) expression. Original magnification 100×. F, MALT‐1 gene rearrangements using FISH](CAM4-8-7660-g001){#cam42683-fig-0001}

Staging was performed according to the modified Ann Arbor staging.[2](#cam42683-bib-0002){ref-type="ref"} Initial pulmonary MALT lymphoma staging was on the basis of a detailed medical history, physical examination, and radiographic examination, including chest CT and positron emission tomography/CT. The number of lung lesions on chest CT were recorded. Patients were treated with chemotherapy, radiotherapy, simple follow‐up, surgical resection, or surgery plus adjuvant treatment, according to the imaging findings and stage.

Progression‐free survival (PFS) and overall survival (OS) were compared using the Kaplan‐Meier method with log‐rank test. PFS was defined as the time from date of diagnosis until progression. OS was defined as the time between the date of diagnosis and the date of death or the last follow‐up visit. Multivariate analysis and Cox proportional hazards regression analysis were conducted including variables that achieved statistical significance in univariate analysis, to identify factors independently associated with survival. Statistical analyses were performed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp.). A two‐tailed value of *P* less than .05 was considered statistically significant.

3. RESULTS {#cam42683-sec-0003}
==========

The baseline characteristics of enrolled patients are summarized in Table [1](#cam42683-tbl-0001){ref-type="table"}. This study included a total of 80 patients, including 37 men and 43 women, with a median age of 59 years (range: 31‐80 years). Twenty‐seven patients exhibited no symptoms, whereas respiratory symptoms including cough, dyspnea, sputum, and chest pain were the most common symptoms among the other patients, occurring in 66.3% of the total population. B symptoms were observed in 17 patients. Thirty‐six patients had single lesions, 11 had two lesions, and 33 patients had three or more lesions. Pathological diagnoses were confirmed by surgery, bronchoscopy, and percutaneous biopsy. Pathological specimens were obtained by biopsy in 18 patients in the surgery group, but only four of these resulted in a definitive diagnosis. Patients were stratified into surgery and biopsy groups, respectively, according to their treatment. There were significant differences between the two groups in terms of clinical factors, including symptoms (*P* = .017), number of lesions (*P* \< .001), chemo‐ or radio‐therapy (*P* \< .001), and stages (*P* = .003).

###### 

Demographic characteristics according to treatment with or without surgical resection

  Characteristics              No.   Surgery       Biopsy         *P*
  ---------------------------- ----- ------------- -------------- --------
  Age                                58.5 ± 9.43   58.6 ± 11.55   .968
  ≤60                          46    18            28             .726
  \>60                         34    12            22              
  Gender                                                          .073
  Male                         37    10            27              
  Female                       43    20            23              
  Symptom                                                         .017
  Absent                       27    15            12              
  Present                      53    15            38              
  Symptom B                                                       .057
  Absent                       63    27            36              
  Present                      17    3             14              
  No. of lesions                                                  \<.001
  1                            36    25            11              
  2                            11    4             7               
  3 or more                    33    1             32              
  Stage                                                           .003
  I                            56    27            29              
  II                           14    3             11              
  III                          3     0             3               
  IV                           7     0             7               
  Procedure of diagnosis                                          \<.001
  Bronchoscopy biopsy          33    3             30              
  Bercutaneous biopsy          14    0             14              
  Wedge resection              14    8             6               
  Segmentectomy or lobectomy   19    19            0               
  Chemo‐ or radio‐therapy                                         \<.001
  Absent                       41    23            18              
  Present                      39    7             32              

John Wiley & Sons, Ltd

Thirty patients were treated with surgery. Lobectomy was the most frequent procedure and was conducted in 66.6% of all surgical patients. Wedge resection was conducted in eight patients and segmentectomy in the other two. Six patients received postoperative adjuvant chemotherapy (R (rituximab)‐CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) in four patients, CHOP in one patient, and rituximab monotherapy in one patient) and one patient received involved‐field radiotherapy. Twenty‐three patients did not receive postoperative adjuvant therapy. Thirty‐one patients were treated with chemotherapy alone, including R‐C (cladribine) in 13 patients, CHOP in six patients, R‐CHOP in nine patients, and R‐COP (cyclophosphamide, vincristine, and prednisone), R‐B (Chlorambucil), and rituximab monotherapy in one patient each. One patient was treated with radiotherapy and one received only symptomatic and supportive treatment. Waiting and watching without treatment was recommended in 17 patients. The diagnostic procedures and treatment modalities were provided in Figure [2](#cam42683-fig-0002){ref-type="fig"}.

![Strategy for pathological diagnosis and treatment in pulmonary MALT lymphoma](CAM4-8-7660-g002){#cam42683-fig-0002}

13 of 80 (16.25%) patients experienced progression/relapse during the period of observation. The estimated 5‐year PFS rate was 74.6% in our study cohort. The comparison of PFS between surgery and biopsy groups was shown in Figure [3](#cam42683-fig-0003){ref-type="fig"}. Although PFS analysis showed a trend in favor of patients treated with surgery, there was no significant difference. Factors associated with a higher probability of shorter PFS are shown in Table [2](#cam42683-tbl-0002){ref-type="table"}. The number of lesions was associated with a higher probability of shorter PFS in the univariate analysis, and was confirmed in multivariate analysis. Neither age, gender, symptom, surgery, chemo‐, or radio‐therapy, stage were predictors of PFS.

![Kaplan‐Meier curves comparing overall survival (A) and progression‐free survival (B) between biopsy and surgery groups in pulmonary MALT lymphoma patients](CAM4-8-7660-g003){#cam42683-fig-0003}

###### 

Univariate and multivariate analysis of progression‐free survival

  Variable                                      Univariate   Multivariate                                 
  --------------------------------------------- ------------ -------------- ------ ------- -------------- ------
  Age (1 year increasing)                       1.027        0.976‐1.080    .312                           
  (\>60 vs ≤60)                                 2.324        0.751‐7.191    .143                           
  Gender (Male vs female)                       1.727        0.561‐5.313    .341                           
  Symptom (Present vs absent)                   2.148        0.474‐9.729    .321                           
  Symptom B (Present vs absent)                 0.698        0.190‐2.566    .588                           
  No. of lesions (1 level increasing)           2.958        1.330‐6.580    .008   3.614   1.094‐11.942   .035
  Therapy (Surgery vs biopsy)                   0.322        0.071‐1.455    .141   0.867   0.271‐2.776    .810
  Chemo‐ or radio‐therapy (Present vs absent)   1.339        0.432‐4.150    .613   1.666   0.181‐15.350   .652
  Stage (II, III, IV vs I)                      0.909        0.295‐2.799    .868                           

John Wiley & Sons, Ltd

Eight patients (10.0%) died during the follow‐up period. The estimated 5‐year OS rate was 87.1%. There was no significant difference in OS between patients treated with and without surgical resection (Figure [3](#cam42683-fig-0003){ref-type="fig"}). In the prognoses analyses combined surgery and chemo‐ or radio‐therapy, there was significant difference in OS (Figure [4](#cam42683-fig-0004){ref-type="fig"}). Log‐rank analysis identified number of lesions and age (Figure [5](#cam42683-fig-0005){ref-type="fig"}) as factors associated with OS. Multivariate analysis including number of lesions, age, chemo‐, or radio‐therapy and surgery identified age as the only independent prognostic factor (Table [3](#cam42683-tbl-0003){ref-type="table"}).

![Kaplan‐Meier curves comparing overall survival (A) and progression‐free survival (B) between different treatment strategies in pulmonary MALT lymphoma patients](CAM4-8-7660-g004){#cam42683-fig-0004}

![Kaplan‐Meier curves comparing overall survival (A) and progression‐free survival (B) between different number of lesions in pulmonary MALT lymphoma patients. Kaplan‐Meier curves comparing overall survival (C) and progression‐free survival (D) different age groups in pulmonary MALT lymphoma patients](CAM4-8-7660-g005){#cam42683-fig-0005}

###### 

Univariate and multivariate analysis of overall survival

+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Variable                                    | Univariate | Multivariate    |      |       |               |      |
+=============================================+============+=================+======+=======+===============+======+
| Age (1 year increasing)                     | 1.155      | 1.049‐1.273     | .001 | 1.164 | 1.019‐1.331   | .025 |
|                                             |            |                 |      |       |               |      |
| (\>60 vs ≤60)                               | 8.778      | 1.078‐71.452    | .014 |       |               |      |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Gender (Male vs female)                     | 2.956      | 0.594‐14.709    | .165 |       |               |      |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Symptom (Present vs absent)                 | 34.188     | 0.044‐26818.762 | .083 |       |               |      |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Symptom B (Present vs absent)               | 0.351      | 0.042‐2.897     | .310 |       |               |      |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| No. of lesions (1 level increasing)         | 3.660      | 1.099‐12.188    | .014 | 5.081 | 0.705‐36.628  | .107 |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Therapy (Surgery vs biopsy)                 | 0.273      | 0.033‐2.226     | .194 | 3.681 | 0.089‐151.739 | .492 |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Chemo‐ or radio‐therapy (Present vs absent) | 0286       | 0.057‐1.427     | .104 | 0.080 | 3.315         | .485 |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
| Stage (II, III, IV vs I)                    | 1.580      | 0.389‐6.423     | .519 |       |               |      |
+---------------------------------------------+------------+-----------------+------+-------+---------------+------+
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4. DISCUSSION {#cam42683-sec-0004}
=============

Many MALT lymphoma patients are asymptomatic (33.8% in this study), and even when symptoms are present, they are usually nonspecific pulmonary symptoms such as cough, dyspnea, chest pain, fatigue, and chest tightness. Night sweats, weight loss, and fever were also present in 22.3% of patients in this study. The current findings were consistent with previous studies, which indicated that respiratory symptoms presented in 55%‐63% patients and B symptom presented in 15%‐22% patients.[1](#cam42683-bib-0001){ref-type="ref"}, [13](#cam42683-bib-0013){ref-type="ref"}, [15](#cam42683-bib-0015){ref-type="ref"}, [16](#cam42683-bib-0016){ref-type="ref"} Similar to the symptoms, the imaging findings of MALT lymphoma are also nonspecific. Atelectasis, masses, nodules, ground glass opacity changes, and pleural effusion were frequently observed in our study, making it difficult to differentiate MALT lymphoma from lung cancer and pneumonia. Its nonspecific symptoms and imaging findings thus make the diagnosis of MALT lymphoma difficult.

Pulmonary MALT lymphoma can only be reliably diagnosed by invasive pathologic methods, such as surgical resection, transbronchial lung biopsy, or CT‐guided transthoracic lung biopsy to obtain samples for pathologic diagnosis. However, a previous study suggested that bronchofiberoscopy may be of limited diagnostic value,[17](#cam42683-bib-0017){ref-type="ref"} whereas another study reported that the positive predictive rate of puncture biopsy under CT guidance for diagnosing pulmonary non‐Hodgkin\'s lymphoma was only 25%.[18](#cam42683-bib-0018){ref-type="ref"} A further study found that minimally invasive approaches including CT‐guided percutaneous transthoracic biopsies, fiberoptic bronchoscopy and transbronchial biopsies were the most frequently used method for diagnosis and more than 70% patients were diagnosed in this way.[13](#cam42683-bib-0013){ref-type="ref"} Given that multi‐lobar lesions or disseminated disease appeared in most patients, these minimal diagnostic approaches seem justified. Although most patients in this study were diagnosed by minimally invasive procedures, a single minimally invasive procedure was not sufficient to make an accurate diagnosis. Bronchoscopy or bercutaneous biopsy were performed in 18 patients who underwent surgery but had a low diagnostic yield, with nine patients showing no obvious abnormalities and four diagnosed with inflammatory lesions; only four patients were confirmed with MALT lymphoma because of the infrequency of endoluminal lesions.

In our experience, minimally invasive biopsy was insufficient to obtain a definitive diagnosis. Too little tissue was obtained by biopsy, and it was difficult to determine if it indicated reactive hyperplasia or neoplastic hyperplasia. Several non‐neoplastic reactive conditions can simulate lymphoma and diseases with reactive lymphoid proliferations are morphologically difficult to distinguish from primary malignant lymphoid tumors.[19](#cam42683-bib-0019){ref-type="ref"} Needle biopsy samples, even when they are large enough for histological analysis, have the disadvantage that the obtained tissue is not necessarily representative; notably, it is more difficult to distinguish between tumor cells and cells from the host response surrounding the tumor in lymphomas compared with epithelial neoplasms. Furthermore, secondary pulmonary parenchymal changes and secondary changes in the lymphoma itself, such as necrosis, may be more extensive than in unchanged areas. This is an important reason to obtain sufficient biopsy material for an accurate diagnosis of this disease.[3](#cam42683-bib-0003){ref-type="ref"} Overall, these results indicate that biopsy has a low diagnostic value for local lesions, and may result in a high rate of missed diagnoses. A more generous surgical intervention, involving thoracotomy or video‐assisted thoracoscopic surgery, should thus, be considered to make a diagnosis in most patients with a primary pulmonary lymphoma, in order to reduce the misdiagnosis rate.

Surgery can provide diagnostic material and achieve therapeutic resection in the management of MALT lymphomas. However, the optimal management of MALT lymphoma remains unclear, as reflected by the different approaches used in the past. However, pulmonary MALT lymphomas have a satisfactory survival outcome irrespective of the therapeutic strategy, including waiting and watching, chemotherapy, or surgery. MALT lymphoma is a rare malignant tumor and no evidence of prospective researches are currently available, and therapeutic protocols are therefore mainly on the basis of expert opinion. Several retrospective studies have indicated the effectiveness and safety of chemotherapy and rituximab monotherapy in patients with proven MALT lymphoma.[20](#cam42683-bib-0020){ref-type="ref"}, [21](#cam42683-bib-0021){ref-type="ref"} However, surgery has been recommended in cases of localized MALT lymphoma when complete resection can be achieved,[16](#cam42683-bib-0016){ref-type="ref"} and selected patients receiving surgical resection had better 5‐year progression‐free survival than those who received chemotherapy.[15](#cam42683-bib-0015){ref-type="ref"} Importantly, most patients with MALT lymphoma stage IE (nodal negative) who received surgical resection had relatively longer survival compared with those without surgery, regardless of whether they had received chemotherapy.[22](#cam42683-bib-0022){ref-type="ref"} Another study suggested that surgical resection might not be the first choice for therapy in pulmonary MALT lymphoma patients for whom surgery is not necessary for diagnosis, even if the lesions are localized, considering preservation of lung function and avoidance of surgical risks. One study revealed that there was no difference between surgery and chemotherapy in terms of progression and survival, due to the favorable clinical course of MALT lymphoma itself.[23](#cam42683-bib-0023){ref-type="ref"} Although the surgery group had a better prognosis than the biopsy group in this study, the difference was not significant. However, the distribution of patients in the surgery and biopsy groups was significantly different in terms of tumor number and stage, making it difficult to evaluate the role of surgery in MALT lymphoma.

Pulmonary MALT lymphoma usually has an indolent course, remaining localized in the lung for long periods before dissemination. These tumors, therefore, respond well to local or systemic therapy and have a relatively good prognosis.[24](#cam42683-bib-0024){ref-type="ref"} This study confirmed the favorable course of pulmonary MALT lymphoma, with an estimated 87.1% 5‐year survival rate. However, despite its favorable prognosis, several factors have been associated with its prognosis in previous studies, including the presence of B symptoms, tumor microvascular density, and elevated lactate dehydrogenase serum levels,[22](#cam42683-bib-0022){ref-type="ref"} age and performance status,[13](#cam42683-bib-0013){ref-type="ref"} lymph node and extrapulmonary metastases,[23](#cam42683-bib-0023){ref-type="ref"} and modified Ann Arbor staging.[16](#cam42683-bib-0016){ref-type="ref"} Since only eight patients died in our study, only age, tumor number, and treatment approach were the prognostic factors associated with survival. Waiting and watching has become an important approach in the management of MALT lymphoma, because of its indolent nature. Troch et al conducted a study in which patients with pulmonary MALT lymphoma were merely followed up without treatment. They pointed out that pulmonary MALT lymphoma was a very indolent disease with the potential for spontaneous regression, and that asymptomatic patients might not require immediate treatment.[25](#cam42683-bib-0025){ref-type="ref"} However, the patient without treatment in this study had a poorer OS than patients who received chemotherapy, suggesting that a wait and watch approach should be used with caution and only in highly selected patients. Overall, age was identified as the only independent prognostic factor, possibly reflecting the indolent nature of MALT lymphoma and its favorable prognosis. Considering the overall survival may be confounded by patients' underlying disease, PFS, reflecting tumor growth in indolent disease, is probably more useful for prediction of treatment efficacy than OS. The estimated 5‐year PFS rate was 74.6% in our study. Although PFS analysis showed a trend in favor of patients treated with surgery, we cannot conclude that surgery is beneficial to PFS because of the less number of tumors and earlier stages in the surgery group. Meanwhile, no correlation was found between wait and watch approach and worse PFS of pulmonary MALT patients. Univariate and Multivariate analysis showed the only factor associated with shorter PFS was the number of lesions. In our study, more pulmonary lesions were also associated with shorter OS, although it was not an independent factor in multivariate analysis. The number of lesions was related to bilateral lung involvement, and a previous study suggested that bilateral lung involvement was associated worse OS, but there was no significant difference in PFS.[23](#cam42683-bib-0023){ref-type="ref"} The number of lesions may reflect the tumor burden, and our research suggested that it was the most important prognostic factor not only in PFS but also in OS analysis.

5. CONCLUSION {#cam42683-sec-0005}
=============

In conclusion, our findings confirmed that pulmonary MALT lymphoma is an indolent disease with favorable treatment outcomes. In line with its indolent nature, age was the only independent prognostic factor for OS in patients with MALT lymphoma. Surgery still plays an important role in the diagnosis and treatment of MALT lymphoma. However, larger scale studies are needed to better evaluate the optimal treatment for patients with pulmonary MALT lymphoma.
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